Floating Production Storage and Offloading (FPSO) in its operation is significantly affected by the environmental load as well as operational loads. These loads indirectly affect the structural components such as modules and its supports structures onboard of the FPSO. Investigation of fracture propagation has been carried out on the scantling support structure system of gas processing module. Modeling the structure with the finite element method (FEM) approach was performed by utilizing ANSYS 11.0 software. The fracture propagation evaluation is accomplished by elastic-plastic fracture mechanics with J-Integral method on crack first-mode (opening crack) accordance with DNV-OS-F201. As case study, FPSO Belanak operated at Conoco Block B in Natuna, Indonesia was investigated.
1.0 INTRODUCTION
The concept of Floating Production Storage and Offloading (FPSO) is introduced to replace the system of fixed production platform with a floating storage facility or a Floating Storage Offloading (FSO). It should be noted, for shallow water production platforms can be a jacket or a jack-up, while in deep water can be a semisubmersible or TLP. FSO itself is a vehicle that serves as a terminal, dedicated to serving the storage of the processed oil and gas production platforms in the fields of operations, and transferred them to the tank carrier ships that periodically come.
The FPSO is basically a single hull ship functioned as a vehicle to accommodate the facilities on the deck in order to process the products as well as oil and store it in tanks in the side before the product is transferred to tankers transporting for distribution to the market.
On the deck of the FPSO there are various types of buildings according to their respective functions. As an example of topside building to support the production process is gas processing module. Weight of the topside modules and the load environment which is wave loads, significantly influence the strength of the deck that supports the FPSO. As topside module should be supported with a strong support structure system, preventing the occurrence of fracture failure on the FPSO deck is required.
Current research takes a case study on the fracture propagation analysis of the scantling support system FPSO Belanak. FPSO Belanak operating in Indonesia Natuna waters was exactly at the Eastern Area of Conoco Block B.
2.0 LITERATURE REVIEW
Study on fracture cause of failure in the ship structure has occurred since the early 1900s. S.T. Rolfe (1975) analyze comprehensively about the criteria of hardness (toughness) to the hull that can be used for steels with varying levels of strength. In fact the stress concentration always occurred in the construction of complex structures by welding, such as ships. Local high voltage resulted in a discontinuity or defect will occur in the hull (Rolfe, 1975) .
Analysis of crack initiation and crack propagation in ship structures have been conducted since 1998 (Andersen, 1998 the behavior of crack initiation to failure, until in the present analysis of ship structures lead to structural reliability and risk in the event of failure of the structure.
Application of fracture studies with fracture mechanics of elastic plastic approach would be more appropriate to use to analyze the behavior of embedded cracks and deformation properties of the material has a larger plastic after accruing continuous loading of a material such as Ductile. As we know that the materials Ductile material is often used as the compiler of bed material of the building structure. Based on previous research done on the tubular structure (Aulia, 2005) crack propagation behavior has adapted to the analysis results presented by Broek (1987) analysis based on elastic plastic mechanics fracture. This method is suitable applied in the analysis fracture in offshore structure.
During its development, including three-dimensional crack straight through-crack, surface crack, corner crack and embedded crack studies have been carried out. The fact reveals that the embedded crack is more common in brittle and ductile materials having a catastrophic impact of hazards. Even though recent research using the theory of elastic plastic crack embedded resolution states that using these parameters, namely J, Q, and Tz is able to explain well the crack front with increasing radius and strain hardening exponent (Zhao, 2009) . The same thing is also disclosed in an earlier study, that the approaches J, the relative can be used in a variety of purposes relating to fracture, taking into account the concept of stress-strain on the material (Dowling, 1987) .
According to Barsom (1987) , cracks have been investigated in several classes of tankers. Even though according to research by Wang (2009) of some material and the formulation of crack propagation, propagation behavior will be more clearly observed by including a load factor of the ratio of the work. Kurniawan (2010) conducted the reliability analysis scantling support module to fatigue loads, the results of fatigue life of 116.3 years, or 3.88 times the lifespan of its operations. Ardhiansyah in 2010 also conducted the reliability analysis scantling support module against extreme loads, the combination of the three extreme loads obtained maximum stress 96 MPa and the obtained results of the structure remains safe to operate.
3.0 WAVE LOAD
In the planning process offshore structure (offshore structure), the determination of the structure of work ability is influenced by the work load on the structure. Designer must determine the accuracy of the load to be applied in the planning of offshore structure in advance.
According to Indiyono (2003) wave load is the biggest load caused by environmental load on offshore structure. FPSO exposed to wave load will accelerate in every movement. Scantling support facility structure gas system processing module located on the FPSO is also accelerated due to the movement of the FPSO. In accordance with Newton's second law, the existing structures on the vessel will experience a force due to vessel movement resulting in acceleration. For translational motion, inertia force is obtained in Equation 1 .
where; m is mass and a is acceleration According to Bhattacharayya (1978) , there are four moments of rotational motion is important that inertial moment, damping moment, restoring moment, and exciting moments. Moment of inertia equation is:
where is mass of the ship (kg), is radius of gyration (m). Whereas for the moment force, the equation is:
where is acceleration rotary (rad/s 2 ) and is inertial moment (kg.m 2 ) Response on offshore structures (either fixed or floating structure) due to regular waves in each frequency, can be determined by using spectra method. Response Amplitude Operator (RAO) or often referred to as the Transfer Function is a function of the response caused by the waves in the frequency range of offshore structures.
RAO is a tool for transferring force to the wave movement dynamic response of structures. According to Chakrabarti (2005) , RAO equation can be searched with the following equation.
where ( ) is amplitude of the structure and ( ) is amplitude of the wave Response spectrum is multiplication between wave spectrum with RAO square. Equation from the response spectrum is (Chakrabarti, 1987) as follows:
where ( ) is response spectrum (m 2 -sec), ( ) is wave spectral (m 2 -sec), is Response amplitude operator, angular frequency (rad/sec).
4.0 FRACTURE MECHANICS
Fracture mechanism initiated by the presence of cracks (crack) on the surface of the connection. This mechanism is the local conditions of stress and strain around the crack is influenced by global parameters such as loading, material properties, and geometry. Repeated loading (cyclical) will cause the crack to grow and lead to failure of the connection that eventually resulted in the failure of structure overall.
Methods of Linear Elastic Fracture Mechanic (LEFM) is a method that shows the relationship between stress field and its distribution around the crack tip with the size, shape, orientation of cracks, and material properties due to external load imposed on the material. Methods of Linear Elastic Fracture Mechanic (LEFM) can be used for very small plastic region, where the voltage is lower than the voltage of the license (σ <0.8 σys) (Broek, 1987) .
As linear elastic methods is inappropriate used in large structures using low-or moderate-strength steel for large plastic zone around the crack, thus causing the elastic-plastic behavior. It is developing methods elastic plastic fracture mechanics (EPFM) to show the characteristics of plastic material behavior.
J-integral is a contour in the region around the crack tip. The main concept is the energy balance between the stored strain energy and effort to work by external forces to explain the energy available for crack growth. J-integral is equivalent to force the growth of small cracks in the contours near the crack tip that considered.
Stress and strain field measurements on average are going on around the crack tip in elastic-plastic behavior, symbolized with . A relationship J with K can be viewed at the following equation.
where ′ is for plane stress and ′ = / (1 − 2 ) for plain strain. is modulus Young and v is the Poisson ratio.
5.0 STRESS INTENSITY FACTOR
Stress intensity factor is a parameter that contains the concept of energy balance principle and the distribution around the crack tip. If the stress intensity factor (K) reaches the threshold stress intensity factor (K threshold), then the cracks began to spread, and failure of occurs when the price structure (K) has reached a critical material (KIC) that called fracture toughness.
In this study used the type of Center Crack in Finite Width Strip, can be seen from Figure 1 . From the Figure 1 , it know that the direction of crack propagation towards thickness or depth and the direction of circumferential that happening. (Wang, 1996) .
6.0 CRACK PROPAGATION
At fracture mechanics, the addition of crack size ( ) during one cycle of loading (load cycle) is related to the stress intensity factor range for the loading cycle. This relationship is expressed in the Paris and Erdogan formulation as follows (Almar-Naess, A. Ed, 1985):
The addition of cracks in one cycle is usually very small compared to the size of the cracks. So that Equation 7 can be written as follows (Anderson, 1998): 
Simulation Condition
A study of literature and data collection from books, textbook, journal, and discussion report which is similar to this study is included. In addition, the search was also conducted on the data FPSO Belanak include environmental data, ship structure and data scantling support structure. Figure 2 shows the distribution modules and location of the support structure which is investigated in this research.
Modeling FPSO was designed using Maxsurf to obtain the coordinates of the structure of the FPSO. Then convert the modeling conducted in Maxsurf to MOSES to get RAO. Performed loading of FPSO Belanak structures are used to find the reaction force of the global FPSO structures due to wave loads acting on the FPSO Belanak.
Validate the results of calculations with the data prior to this research. After getting the inertia force on the center of gravity module and the 8 legs support structure, performed stress analysis calculations (stress analysis) by modeling locally scantling support structure with ANSYS.11 to review the stress distribution on the support structure scantling.
Modeling of initial crack is assuming dimensions in accordance with DNV OS F201 code. Location of crack initiation is at the location of the hotspot stress that has been obtained from running the model with the structure of the actual load. After modeling the crack is done, the next step is to enter the maximum and minimum loading of the previous global analysis.In a twocomponent gel, it is easy to modify the molecular structure of either of the two components. 
Global Analysis
Results of simulation covers global analysis, local analysis, and crack propagation. The results of calculation of the maximum single-amplitude accelerations relative to the MOSES 6.0 with relative points are used there is 9 points that is reviewed, the module and support structure as much as 8. Here is an output of maximum single amplitude accelerations compared with data owned by Conoco Phillips as found in Table 1 . FPSO affected by wave loads will accelerate in every movement. Module facility located on the FPSO is also accelerated due to the FPSO motion, then according to Newton's law of accelerating objects that have a force. FPSO experience translational and rotational motion due to wave loads. For translational motion, inertia force is obtained by Equation 1. For the rotational motion, inertia force obtained with Equations 2-3.
Gas processing module FPSO Belanak has 8 support structures with configuration as shown in Figure 3 . Distance of the support structure closest to the center line FPSO is 5 m. While the size of the gas processing module itself is 22 x 30 m. Support Structure located on frame 30 and 33 of the FPSO. Therefore, the load response on each leg was calculated to determine its structure support that receives the most critical load. 
Local Analysis
In local analysis, the area taken is a connection part between ship hull with scantling support module. Local analysis phase performed using ANSYS.11 software with a focus on the scantling support structure of gas processing module. In the simulation, the scantling area is locked from movement in all directions, but the support structure is free movement in 6 degree of freedom (6-DOF) show on the Figure 5 . Figure 6 is a local model of scantling support structure that has been given a load, obtained from global analysis. The figure shows stress distribution around the connection between hull and scantling support module with stress of 6:47 MPa which is the largest stress value (hotspot stress) on the structure. Given initial crack in this research are assuming dimensions in accordance with DNV OS F201 code. Location of crack initiation is at the location of the hotspot stress that has been obtained from running the model with structure of the actual load as shown in Figure 7 .
After modeling the crack is done, the next step is to enter the maximum and minimum loading of the previous global analysis. In the simulation, the scantling area is locked from movement in all directions, but the support structure is free movement in 6 degree of freedom (6-DOF). Here are loading and the results of running ANSYS for the loading in the initial crack can be seen in Figure 8 . From the results obtained for the highest stress 25.1 MPa. 
Crack Propagation
From the results obtained from the local analysis, obtained the maximum stress is at the tip of crack, according to the theory of embedded elliptical crack, which is when β = π / 2 and stress obtained by the Table 2 . Due to the Stress Intensity Factor Equation to be used only need to insert a stress perpendicular to crack propagation both the direction of thickness and the direction of circumferential, only the stress to the global Y axis ANSYS are used.
Stress Intensity factor is calculated in the 2 position that is the position of crack depth (thickness) and towards the circumference of the object (circumferential crack). Stress Table 3 .
From Stress Intensity Factor calculations for the thickness direction of (Kt) and direction of circumferential (Ks), then look for the Stress Intensity Factor Range (ΔKI). ΔKI value has a value greater than the value ΔKth 0:11 MPa √ m, indicating the occurrence of crack propagation in the plate.
In this study, for calculations crack propagation performed on the direction of the thickness of the plate with a variation of the initial crack 0.0001 up to 0015. To calculate the rate of crack propagation, there should be a conversion value of the stress intensity factor into the value of J. The analytical value of J obtained by the concept of stress and strain field measurements of the average is going on around the crack tip using Equation 6. Figure 9 shows the variation of the difference in the value of ΔJ for various initial cracks. As shown in the graph, that ΔJ increases with increasing of the initial crack. Crack propagation is the number of cycles with a given initial crack up to a certain size to happen next or crack propagation. Crack propagation is influenced by the magnitude of ΔJ. The larger ΔJ, the faster the propagation occurs.
The curves of crack propagation on crack initiation, can be seen in Figure 10 . The curve below shows that the larger the initial crack, the greater the crack propagation.
Crack propagation is affected by ΔJ and ΔJ is influenced by the crack initiation. In this case the final propagation distance is assumed at 0.7 T, where T is the plate thickness. When the larger the value of crack propagation, the stress cycles (N) required to reach the critical crack will be larger.
From Figure 11 it can be seen that the larger the initial crack occurred, the smaller the number of cycles, with the understanding that the smaller the distance between the initial crack with a critical crack, the faster the rate of crack propagation.
By using the cycle from the calculation of crack propagation in the thickness direction (thickness), then look in the crack propagation circumferential direction. The results of the calculation of the crack propagation direction of circumferential crack propagation obtained largest occurred at 0.0084 mm. The results obtained have not yet reached the critical fracture rates. Value for critical crack circumferential direction is accordance to DNV OS F201 at 5 times the thickness direction of the critical crack, which is 3.5t or equal to 87.5 mm. The results of the calculations are shown in Figure 12 
4.0 CONCLUSION
The conclusion to be drawn from this research is as follows: 1. Hotspot stress experienced by the Scantling support structure system gas processing module FPSO Belanak due to the loading is at 6:47 MPa and at initial crack conditions at 25.1 MPa which occurred in the scantling support structure system gas processing module. 2. Of providing the initial crack on the model of then obtained four values stress intensity factor, ie circumferential direction (Ks) maximum and minimum and thickness direction (Kt) maximum and minimum. Ks maximum value is equal to 2.73 MPa √ m and Ks is a minimum at 0176 MPa √ m. While the maximum value of Kt is equal to 0420 MPa √ m and minimum Kt is equal to 0.0271 MPa √ m. 3. That crack propagation occurs in the thickness direction (thickness) with a given variation in this analysis shows that the deeper crack initiation the faster rate of crack propagation. From the K values obtained and incorporated into the calculation of crack propagation thickness direction with the initial crack 0.1 mm up to the critical crack (0.7t or equal to 17.5mm), and the resulting number cycles at 1.89 x 1018 or 9.05 x 109 years. At the direction circumferential by the number of cycles 1.89 x 1018 was obtained crack propagation at 0.0084 mm. Advice can be given from the results of the analysis in this research is: 1. Further analysis needs to be done with risk and reliability analysis approach. 2. In this research the location of cracks were found in the support module. Analysis needs to be done locally at the junction between the support brackets to the hull module. In this study the load was reviewed is a wave load which produce inertia loads due to uncoupled motion. Needs to be done by considering the coupled motion analysis to determine the amount of the load inertia and crack propagation. 
